There is widespread evidence that the volatility of stock returns displays an asymmetric response to good and bad news. This paper considers the impact of asymmetry on time varying hedges for financial futures. An asymmetric model which allows forecasts of cash and futures return volatility to respond differently to positive and negative return innovations gives superior in-sample hedging performance. However, the simpler symmetric model is not inferior in a hold-out sample. A method for evaluating the models in a modern risk management framework is presented, highlighting the importance of allowing optimal hedge ratios to be both time-varying and asymmetric.
Introduction
Over the past two decades, increases in the availability and usage of derivative securities has allowed agents who face price risk the opportunity to reduce their exposure. Although there are many techniques available for reducing and managing risk, the simplest and perhaps the most widely used, is hedging with futures contracts. A hedge is achieved by taking opposite positions in spot and futures markets simultaneously, so that any loss sustained from an adverse price movement in one market should to some degree be offset by a favourable price movement in the other. The ratio of the number of units of the futures asset that are purchased relative to the number of units of the spot asset is known as the hedge ratio.
Since risk in this context is usually measured as the volatility of portfolio returns, an intuitively plausible strategy might be to choose that hedge ratio which minimises the variance of the returns of a portfolio containing the spot and futures position; this is known as the optimal hedge ratio. There has been much empirical research into the calculation of optimal hedge ratios (see, for example, Cecchetti et al., 1988; Myers and Thompson, 1989; Baillie and Myers, 1991; Kroner and Sultan, 1991; Lien and Luo, 1993; Lin et al., 1994; Strong and Dickinson, 1994; Park and Switzer, 1995) .
The general consensus is that the use of multivariate generalised autoregressive conditionally heteroscedastic (MGARCH) models yields superior performances evidenced by lower portfolio volatilities, than either time-invariant or rolling ordinary least squares (OLS) hedges. Cecchetti et al (1988) , Myers and Thompson (1989) and Baillie and Myers (1991) , for example, argue that commodity prices are characterised by time-varying 5 covariance matrices. As news about spot and futures prices arrives to the market, the conditional covariance matrix, and hence the optimal hedging ratio, becomes time-varying. Baillie and Myers (1991) and Kroner and Sultan (1993) , inter alia, employ MGARCH models to capture time-variation in the covariance matrix and the resulting hedge ratio.
On the other hand, there is also evidence that the benefits of a time varying hedge are substantially diminished as the duration of the hedge is increased (e.g Lin et al., 1994) . Moreover, there is evidence that the use of volatility forecasts implied by options prices can further improve hedging effectiveness (Strong and Dickinson, 1994) . This paper has three main aims. Firstly, we link the concept of the optimal hedge with the notion of the News Impact Surface of Kroner and Ng (1998) . The hedging surface of the OLS model is independent of news arriving to the market and therefore could be sub-optimal. Secondly, we extend the models of Cecchetti et al (1988) , Myers and Thompson (1989) and Baillie and Myers (1991) to allow for time variation and asymmetry across the entire variance covariance matrix of returns. This means that the hedge ratio will be sensitive to the size and sign of the change in prices resulting from information arrival. Thirdly, we adapt the methods used by Hsieh (1993) to show how the effectiveness of hedges can be evaluated by the calculation of minimum capital risk requirements (MCRRs). Such a procedure allows the hedging performance of the various models to be assessed using a relevant economic loss function as well as on pure statistical grounds.
The paper is laid out in six sections. Section two presents the theoretical framework for deriving the hedge ratios, while section three 6 describes the data. Section four presents the empirical evidence on the performance of each hedging model, while the fifth section outlines the bootstrap methodology used to calculate the MCRR for each of the portfolios. Section six concludes.
The Derivation of Optimal Hedge Ratios
Let t C and t F represent the logarithms of the stock index and stock index futures prices respectively. The actual return on a spot position held
similarly, the actual return on a futures position is
. However, at time 1  t , the expected return, ) (
, of the portfolio comprising one unit of the stock index and  units of the futures contract may be written as
where  t-1 is the hedge ratio determined at time t-1, for employment in period t. 1 The variance of the portfolio may be written as 
then the utility maximising agent with degree of risk aversion  seeks to solve
Solving (4) with respect to  under the assumption that t F is a martingale process such that
 , the optimal number of futures contracts in the investor's portfolio
If the conditional variance-covariance matrix is time-invariant (and if t C and t F are not cointegrated) then an estimate of *, the constant optimal hedge ratio, may be obtained from the estimated slope coefficient b in the regression
The OLS estimate of b = h CF / h F is also valid for the multiperiod hedge in the case where the investors utility function is time separable.
However, it has been shown by numerous studies (see section 1 above) that the data do not support the assumption that the variance-covariance matrix of returns is constant over time. Therefore we follow recent literature by employing a bivariate GARCH model which allows the conditional variances and covariances used as inputs to the hedge ratio to be time-varying.
In the absence of transactions costs, market microstructure effects or other impediments to their free operation, the efficient markets hypothesis and the absence of arbitrage opportunities implies that the spot and corresponding futures markets react contemporaneously and identically to new information.
There has been some debate in the literature as to whether this implies that the two markets must be cointegrated. Ghosh (1993) , for example, suggests that market efficiency should imply that cash and futures are cointegrated, while Baillie and Myers (1991) suggest that, as a consequence of possible nonstationarity of the risk free proxy employed in the cost of carry model, this 8 need not be the case. We do not wish to enter into this debate from a theoretical viewpoint, but suffice to say that in all ensuing analysis, we allow for, but do not impose, a [-1 1] cointegrating vector for the two series. The conditional mean equations of the model employed in this paper are a bivariate Vector Error Correction Mechanism (VECM), which may be written as Engle and Kroner (1995) to propose the BEKK parameterisation * 11 1 *' 11
The BEKK parameterisation requires estimation of only 11 parameters in the conditional variance-covariance structure and guarantees H t positive definite.
It is important to note that the BEKK and vec models imply that only the magnitude of past return innovations is important in determining current conditional variances and covariances. This assumption of symmetric timevarying variance-covariance matrices must be considered tenuous given the existing body of evidence documenting the asymmetric response of equity volatility to positive and negative innovations of equal magnitude (see Engle and Ng, 1993 , Glosten, Jagannathan and Runkle, 1993 , and Kroner and Ng, 1998 .
, for j=futures, cash, the BEKK model in (9) may be extended to allow for asymmetric responses as 
The symmetric BEKK model (9) is given as a special case of (10) for  m,n =0, for all values of m and n.
Data Description
The data employed in this study comprises 3580 Results for both Engle-Granger (1987) and Johansen (1988) tests for cointegration are displayed in table 1.The Engle-Granger results of panel B clearly demonstrate that the null of non-stationarity in the residuals of the cointegrating regression is strongly rejected, for the test both with and without a constant term. Moreover the estimated slope coefficient is very close to unity whether the spot or futures price is the dependent variable. Similarly, the Johansen test statistics, for both the trace and the max forms, reject the null of no cointegrating vector, but do not reject the null of one cointegrating vector.
A restriction of the cointegrating relationship between the series to be [1 -1] was marginally rejected at the 5% level. However, after normalising the 12 estimated cointegration vector on C t , the estimated coefficient on F t was -1.006 suggesting that this rejection may not be economically important. On close examination of the short run components of the VECM it appears that the futures prices are weakly exogenous. A likelihood ratio test supports this restriction. Thus while the cointegrating equilibrium is defined by both cash and futures prices, equilibrium is restored through the cash markets. A test of the joint hypothesis that futures prices are weakly exogenous and that the parameters of the cointegration vector are [1,-1] was not rejected at the 5% level of significance. Baillie and Myers (1991) argue that a perfect 1:1 association does not exist in a commodity futures hedge due to the cost of carry, although this does not preclude some other cointegrating relationship from existing. On balance, the data appear to be cointegrated with a [1,-1] cointegrating vector.
Hedging Model Estimates, Tests and Performance
Given the evidence of a long-run or cointegrating relationship between t t F C and the conditional mean equations are parameterised as a VECM rather than a VAR to avoid loss of long run information.
The parameter estimates and associated residual diagnostics for the multivariate asymmetric GARCH model are presented in table 2. Again, the factor loading associated with the futures prices is positive indicating that the return to equilibrium is achieved via the cash markets. A high degree of persistence is variance in indicated in both markets. The price innovations,
and  , represent changes in information available to the market (ceteris paribus). Kroner and Ng (1998) treat such innovations as a collective measure of news arriving to market j between the close of trade on period t-1 and the close of trade on period t. They define the relationship between innovations in return and the conditional variance-covariance structure as the news impact surface, a multivariate form of the news impact curve of Engle and Ng (1993) . The returns and variances for the various hedging strategies are presented in table 3. The simplest approach, presented in the second column, is that of no hedge at all. In this case, the portfolio simply comprises a long position in the cash market. Such an approach is able to achieve significant positive returns in sample, but with a large variability of portfolio returns.
Although none of the alternative strategies generate returns that are significantly different from zero, either in sample or out of sample, it is clear from columns 3-5 of table 3 that any hedge generates significantly less return variability than none at all.
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The naïve or cointegrating hedge, which takes one short futures contract for every spot unit, but does not allow the hedge to time-vary, generates a reduction in variance of the order of 80% in sample and nearly 90% out of sample relative to the unhedged position. Allowing the hedge ratio to be time-varying and determined from a symmetric multivariate GARCH model leads to a further reduction as a proportion of the unhedged variance of 5% and 2% on the in-and hold-out samples respectively. Allowing for an asymmetric response of the conditional variance to positive and negative shocks yields a very modest reduction in variance (a further 0.5% of the initial value) in sample, and virtually no change out of sample. is that the hedge has very low value in bull market situations. In contrast, the cointegrating hedge implies that the hedging surface is a plane at
One possible interpretation of the better performance of the dynamic strategies over the naive hedge is that the dynamic hedge uses short run information, while the cointegrating hedge is driven by long run considerations. The performance evaluation in table 3 is in terms of one-day-ahead hedges. In the next section we use a new criterion to judge hedging over various horizons, including the one-day horizon.
Evaluating Hedging Effectiveness by Calculating Minimum Capital

Risk Requirements
Ensuring that banks hold sufficient capital to meet possible future losses has been a topic of great import for regulators and risk managers in recent years. A very popular approach involves the calculation of the institution's value at risk (VaR) inherent in its trading book positions. VaR is an estimation of the probability of likely losses which might occur from changes in market prices from a particular securities position, and the minimum capital risk requirement (MCRR) is defined as the minimum amount of capital required to absorb all but a pre-specified percentage of these possible losses. We address an approach to the calculation of MCRRs which is similar in spirit to the approach adopted in many Internal Risk Management Models (IRMM), proposed by Hsieh (1993) .
5
Capital risk requirements are estimated for 1 day, 10 day, 30 day, 3 month and 6 month investment horizons by simulating the conditional densities of price changes, using Efron's (1982) bootstrapping methodology based upon the multivariate GARCH(1,1) model presented in equations (7) and (9), both with and without asymmetries, for comparison. The simulated errors are generated by drawing randomly, with replacement, from the standardised residuals and hence a path of future Y t 's can be generated, using the estimates of , , , C 0 , A 11 , and B 11 from the sample and multi-step ahead forecasts of H t .
A securities firm wishing to calculate the VaR of a portfolio containing the cash and futures assets 7 would have to simulate the price of the assets when it initially opened the position. To calculate the appropriate capital risk requirement, it would then have to estimate the maximum loss that the position might experience over the proposed holding period. 6 For example, by tracking the daily value of a long cash and short futures position and recording its lowest value over the sample period, the firm can report its maximum loss for this particular simulated path of cash and futures prices. Repeating this procedure for 20,000 simulated paths generates an empirical distribution of the maximum loss. This maximum loss (Q) is given by:
Where 0 x is the initial value of the portfolio and x 1 is the lowest simulated value of the portfolio (for a long futures position) or the highest simulated value (for a short futures position) over the holding period. We can express the maximum loss as a proportion of the initial value of the portfolio as follows:
In this case, since 0 x is a constant, the distribution of Q will depend on the distribution of 1 x .
From expression (13), it can be seen that the distribution of 
Where  is the 5 th Quantile from a standard normal distribution, m is the
and Sd is the Standard deviation of
. Crossmultiplying and taking the exponential,
therefore
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In this paper, we compare the MCRRs generated by the portfolios constructed using the hedge ratios derived from the models described above.
The asymmetric multivariate GARCH model appears well specified and able to capture the salient features of the data. Given this, we now determine what would be an appropriate amount of capital to cover the cash and futures portfolio derived from the hedge ratio as implied by the model. In particular,
we consider whether this portfolio minimises the need for capital, given that all such capital is tied up in an unproductive and unprofitable fashion.
The estimated minimum capital risk requirements are presented in tables 4 and 5 for each of the models, ignoring and allowing for asymmetries, respectively, and are given in units of index points 8 . Panel A of Tables 4 and 5 present the MCRR for a short hedge (long cash, short futures). While Panel B of the tables presents the results for a long hedge (long futures, short cash).
The most important feature of the results is that any type of hedge, even a naïve hedge, is better than a naked exposure. Moreover, at short investment horizons, there are large gains to be made by allowing the hedge to vary over time. For example, the short hedge portfolio MCRR is 22.2 index points for a naïve hedge, but only 11.8 for a Multivariate GARCH hedge. The long hedge positions seem to be more risky overall over our out of sample period, generating higher values at risk than the corresponding short hedges.
The gain from the use of an asymmetric model, as opposed to a constrained symmetric model, which does not allow good and bad news to effect returns differently, is large at short time horizons. For example, for the symmetric time-varying short hedge, the portfolio MCRR is 11.8, while modelling the asymmetries reduces this to 2.0. However, the benefit of these 20 more complex asymmetric and time-varying hedges, and moreover, the benefits of hedging per se, are considerably reduced as the time horizon is extended beyond one month. For example, the MCRR for a long hedge calculated using asymmetric MGARCH is less than 10% of that using no hedge at the one day horizon, but rises to more than 25% over a 6 month hedging period. This result is in agreement with the findings of Lin et al. (1994) .
Conclusions
This paper sought to advance the extant literature in this field by considering the impact of asymmetries on the hedging of stock index positions using financial futures contracts 9 . We found that asymmetric models, which allow positive and negative price innovations to affect volatility forecasts differently, yielded improvements in forecast accuracy in sample, but not out of sample, when evaluated using the traditional variance of realised returns metric.
The paper also demonstrated how such hedging methodologies could be evaluated in a modern risk management context, using a technique based on the estimation of value at risk. Our primary finding was that allowing for asymmetries led to considerably reduced portfolio risk at the shortest forecasting horizons, and modest benefits when the duration of the hedge was increased.
Our results have at least two important implications for those financial market transactors who wish to reduce their exposure to risk using futures contracts, and for further research in this area. The responsibility for any errors or omissions lies solely with the authors.
1 Note that we are not requiring at this stage that the hedge ratio,  t-1 , be timevarying, but rather that it is determined using information to time t-1. 
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